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ITEM:
VALVE, CHECE, GHZ/GHe, GHZ PRESSURIZATION MANIFCLD REFRESSURIZATION
{0.25 INCH DIA.) {(CV13,24).

FOMCTION:
THE SERIES CHECK WALVES PREVENT PREPRESSURIZATICN GHe AND ET
FEESSURIZATION GHRX FROM ENTERING THE HELIUM MAWIFOLD REPRESSURIZATION
EYSTEM. THE CHECE VALVES ALIOW THE FLOW CF HELIUM DURING TR DUME
SEQUENCE AND ENTRY FOR GHI MANITOLD PRESSURIZATION.

FATIITRE MODE:
FAIlS TO REMAIN CLOSED/IWIERNAL LEAFAGE/FAILE TO CHELK

CAUSE(S)
PIECE PART STEOCTIURAL FAILURE, BINDING, CONTAMIMATION

EFFECT(5) ON:
(A)SUBSYSTEM (B) INTERFACES (C)MISSICHN (D) CREW/VEOZICLE

{A,B) NO EFFECT. THE SERIES REDUNDANT CHECEK VALVE WILL DPREVENT LEAKAGE
oF GHe/GH2 INTG THE HELIUM REPRESSURIZATION SYSTEM AND LHZ HMANIFCLD.

{C,D) NO EFFECT.

(E] FUNCTIONAL CRITICARLITY EFFECTS:
1R/S2, 2 SUCCESS PATHS. TIME FRAME -~ PRELAUNCH, ASCENT
i1, 2) BOTH CHECE VALVES (CV13i, 24) FAIL TO CHECEK/BEEMAIN CLOSED

FAILURE RESULTZ IW Gile/GHZ DEING INJTECTED INTC THE HYDROGEN MANIFOLD
AND EUESEQUENTLY INTO THE ENCINES. FAILDRE FRICR TO ENGINE START
..3SULTS IN VIOLATION OF ENGINE READY REDLINES AND LAUNCH SCRUB.
FAILURE DURING MAIN ENGINE OQOPERATION RESULTS IN TURBQPUMP CAVITATION
AND FOSSIEBLE UNCONTAINED SHUTDOWN CF ALL MAIN ENGINES. POSSIEBELE LOSS
OF CREW/VEHICLE-
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DISPOSITION & RATICNALE:
{AYDESTGN (B)TEST {C)INSPECTICN (D)FAILURE HISTORY (E)UDPERATIONAL TSE

fA) DESIGN

THE CHECK VALVE IS5 A POPFET TYFE, S5FRING LOADED AND PRESSURE ASSISTED ™0
THE CLOSED POSITION. THE POPPET AND SPRING ARE CONTAINED IN A THREADED
HOUSING AND END CAFP. THE SEAL IE A SELF=-CENTERING TEFLON C-RING. THE
VALVE BODY PROVIDES A GUIDE FCR THE POPPET TRAVEL. TEHE VALYVE EBCDY IS
DESIGNED TG A TFACTOR OF SAFETY OF 2.0 TPROCF AND 4.0 BURST.

FAILURE OF THE CHECK VALVE TC REMAIN CLOSED WOULD REQUIRE STRUCTLURAL
FAILURE OF THE POPPET AND POPPET SPRING, THE REVERSE PRISSURE, HOWEVER,
WILL RESIST ANY TEMDENCY FOR THE POFPET TQ TUNWSEAT.

FAILURE OF THE VALVE TO CHECK/IMTERNAL LEAFAGE WOULD REQUIRE FIECE PART
STRUCTURAL FAILTURE OF THE FOFPFET AND/OR THE TEFLOW 0=RING., THE BEQPPET IS
MADE OF 31& CRES AND HAS R DESIGHN FACTOR OF SAFETY OF 2.0 TROOP AND 4.0
BORET. IF THE TEFLON O-RING DISINTEGERATES, PIECES MAY PREVENT POPRET
FROM CHECKING. THE MOVING PARTS HAVE LITTLE TENDENCY TO GALL DUE TQ TEED
LIGHT SIDE LOADS RESULTING FROM THE SYMMETRTCAT GEOMETRY. THE USE OF
CRES 316 FGR THE FOPFET AGAINST INCONEL Y18 FOR THE END EFIECE ALSO
REDUCES THE GALLING TENDEHNCY.

INTERNAL LEAFAGE MAY BT CAUSZD BY CONTAMINATION ON THE SEAL/SEAT
INTERFACE AND IN THE CUIDED SECTION OF THE POPPET. TEERE I3 A 25 MICESH
ABSOLUTE FILTER UPSTREAM OF THE CHECFE VALVE TO CONTROL CONTAMINATION.

(B} TEST
ATP
EXAMINATION OF PRODUCT

AMBIENT TEMPERATURE TESTS:
BODY PROOF PRESSURE (1313 PSIG)
SLOSURE DEVICE PROOGF PRESSURE (1313 FSIG)
EXTERNAL LEAFAGE (550 PSIG)
INTENNAL LEAKAGE (5, 25, 1040, 650 PSIG)

CRY¥OGENIC TESTS (=-3C0 DEG F):
CRACKING AND RESEAT PRESSURE: 3 CYCLE:
CRACKING FRESSURE 5 PSID MAX
RESEAT PRESSURE 2z FSID MIH
INTERNAL LEAFAGE (5, 23, 100, 630 PSIG)

CERTIFICATION

PLOW (0.008% LB/SEC HELIUM, MIN)
MAXIMUM INLET PRESSURE OF 100 PSIG
PRESSURE DROP (11 PSID MAX)
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CHATTER TEST (650 TO Q PSIG)
RECURD FLOW RATE WHEN CHATTER OQCURS

CRACEING AND RESEAT PRESSURE (CRYO: =00 DES F): 3 CYCLES
CRACKING PRESSURE 5 PSID MAX
RESEAT PRESSURE 2 PSID MIN

INTEENAL LEAKAGE
AMBIENT (0 TQ &50 PSIG)
CRYO (=300 DEG F, 0 TO £50 PSIG)

LIFE CICLE TEST

ONE CYCLE CONSISTS5S OF INLET PRESSURE OF 100 FSIG FOLLOW=D EY
CHECEING PEESSURE OF &50 PSIG

AZMBIENT
7000 CYCLES FOLLOWED BY CRACKING, RESEATING, AND LEAKAGE
TESTS

CRYD (=300 DEG F) -
3000 CYCLES FOLLOWED BY CRACKING, RESEATING, INTERNAL
. LEAKAGE, FLOW, PFRESSURE DROF, AND EXTERMAL LEAE TESTS
VIBRATION (-30Q0 DES F, 2 AXES)

QUALIFIED BY SIMILARITY IO TYPE III CHECK WALVE. TYPFE I[IT VALVES ARE
CERITIFIED BY THE FPOLLOWING TESTS:

TRANSTENT
B TO 3E Hz AT +/= 0.25 Gz DEAX

RANDOM
48 MINUTES FOR EACH OF 2 AXES

UPON COMPLETION OF VIBRATION TESTS PERFCORM CRACK, EESEAT, AND
INTERNAL LEAKAGE TEST.

EXTERNAL LEARAGE TEST {650 PSI&)

BURST PRESSURE (2500 PSIG)

OME=ED

V41AY0.200 GH2 PRESSURIZATION SYSTEM DECAY CHECK (EVER: FLIGHT)

VAlBAG. 051 CV13 GHZ REFRESS CHECK VALVE REVERSE LEAK CHECK (IS)
V41BAC. 032 CV24 GH: REPRESE CEECK VALVE REVERSE LEAK CHECK (I5)
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(C} INSPECTION

RECEIVING INSPECTION

ATLI RAW MATERIALS ARE VERIFIED FOR MATERIAL AND PROCESS CERTIFICATION.
RECEIVING INSPECTION VERIFIES CERTIFICATION QF SFRING HEAT TREATMENT AND
FERFORMS LOAD TEST OQF SFRINGS.

CONTAMINATION CONTROL
ALL PARTSE AND ASSEMELIES ARE MAINTAINED TCO CLERNLINESE LEVEL OF 100A.

ASSEMELY/INETALLATION

DIMENSICNS AND SURFACE FIKISHES ARE VERIFIED BY INSPECTION. REQUIRED
TORQUES ARE VERIFIED PRIOR TO WELDING. INSPECTION BQINTS ARE ESTAELISHED
TC VERIFY ASSEMBLY PROCESS. WELDS ARE VISUALLY VERIFIED BY 10X
MAGNTFICATION.

CRITICAL PROCESSES

ALL WELDTING, ELECTROFOLISHING AND PARTS FASSTVATION ARE VERIFIETD BY
THSPECTION. DRY FILM LUBRICANT COATED THREADS ARE VERIFIED FER DRAWING
REQUIREMENT.

NONDESTRUCTIVE EVALOATICON
HELIUM LEAKACE DETECTION IS FERFORMED.

TESTING
ATEF IS VERIFIED BY INSPECTION.

HANDLING/PACFAGING
PACKAGING FOR SHIPMENT IS5 VERITFIED BY THEPECTION.

{0) FAILUOEREE HISTORY

SEVERAL INTERNAL LEAKAGES HAVE OCCURRED BECAUSE OF SELF~GENERATED
METALLIC PARTICLES DUE TO POFPET OSCILLATICH/CHATTER. CAUSE WAS
INSUFFICIENT FLOW DURING PNEUMATIC PANEL GAS PURGE CLEANLINESS
VERIFPICATION. CORRECTIVE ACTION WAS TO REVISE THE CHECKOUT PROCEDURE BY
INCREASING THE FLOW RATES AND USING A STEP INPUT FLOW RATE TC PRECLUDE
VALVE CHATTER (REFERENCE CARS ACOS532 AND AC355§ AT DOWNEY AND ACT147 AT
KSC) .

SEVERAL INTERHAL LEAKAGES HAVE OCCURRED OUE TO CONTAMINATION FROM
EXTERNAL SOQURCES SUCH AS TEST EQUIFMENT, BRAXZING PARTICLES, PREFORMS, 3
TEFLON WASHER FROM EOME GST AND METALLIC CHIPE FROM COMPONENT
REEPLACEMENT. {REFERENCE CAR'S ACOYZ5, ABDSS1l, ABOETS, ABl32S, ARBO3T1 AT
THE SUPPLIER:; ABl4S5S1, AB4510, ABl452 AT HESTL; ACA347 AT DOWNEY: ADZ169.
AC2172, ACZBE4 AT FAIMDALE; ACESTY2, ACS1JE, ACS78Ll, ADISBO, ADC4%E,
ACll54 AT ¥eC.) METHODS HAVE BEEN IMPROVED TO MINIMIZE PARTICLE
SGENERATIOCN WHEN DEEBRAZING/REPLACING COMPCONENTE. FERSONWNEL HMVE BZEN
INSTRUCTED IN THE LATEST TECHNIQUEES TO MINIMIZE GENERATION OF
CONTAMINANTE .
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DURING PMNEUMATIC PANEL TESTING AT DOWMEY, A CHECHKE VALVE WAS FOUND TO HavT
AN ALIMINUM SFRING GUIDE INSTALLED INETEAD OF CRES (REFEREVCE CAR
AC1358). ALL CHECK VALVES WERE X-RAYED AND NQ QTHER DISCREDANT TARTS
WERE FOUND OW ANY VEHICLES QR IN STOCK. MANUFACTURING PLAMNING DOCTTMENTE
HAVE EEEN REVISED TC INSURE INSTALIATION OF CORRECT DETAIL PARTS.

COMT. M

THIS FAILURE MODE HAS OCCURRED ON THIS COMPONENT LDUE TO CONTAMINATION.
ADDITIONALLY, GENERAL MPS SYSTEM CONTAMINATION HAS OCCURRED WHICH MAY
LODGE ANYWHERE IN THE SYSTEM CAUSING THIS FAILURE MODE (REFEREHCE THE
FOLLOWING PARAGRAPHS) .

CONTAMINATION FATLURES HAVE OCCURRED AT ALL PHASES OF MANUFACTURING AMD
FARTS REPLACEMFNT. 1IN ALL CASES, STRICT ADHERENCE TO CLEANLINESS CONTROL
FROCEDURES 15 THE PRIMARY METHOD OF CONTAMINATION FREVENTICN.

NUMERCQUS LARGE PARTICLES OF ELACK RUEBER MATERIAL WEEE FOUND DURING A
POST FLIGHT EXAMINATION OF THE LH2 17 TMCH DISCONNECT (F 0OV093 (FLISET 7
REFERENCE CAR ACSE00). THE LO2Z AND LH2 SYSTEMS OF ALL VEMICLES WERE
EXAMINED. HNO RUBBER WAS FTOUND IN ANY OTHER VEHICLES. AFTTRE EXTENSIVE
INVESTIGATION THE ORIGIN WAS NOT DETERMINED.

. METAL SHAVINGS HAVE BEEN DISCOVERED IN LINES AND COMPONENTS, WHICY Was
MOST LIKELY GENERATED WHEN THEY WERE {UT OUT AND/OR BEPLACED (REFERETNCT
CRR= AUSEEBS, ADS54, ACZ2IZ10, ABL706: DR a4D2226). METHODS ARE BEING
REVISED TO MINIMIZE PARTICLE GENERATION WHEN INSTALLING/REPLACING
COMPFONENTS, LINES, AND FITTINGS REQUIRING WELLDED OR BRAZED JOINTS
{PRODUCT QUALITY IMFROVEMENT COUNCIL). PERSOMNEL HAVE BEEN CAUTIONEL.
ROCKWELL PROBLEM ACTION CENTER WILL CONTINUE TO MONITOR EBRAZING/WELDING
REWORK CONTAMINATION. FROCEDURES ARE BEING REVISED TO IMFEOVE
CLEARNLINESS MAINTENANCE DURING COMPONENT BUILD UP AND REWORY [REFERENCT
MCR 12512). SUPPLIER LOCUMENTS/PROGCEDURES HAVE BEEN REVIEWED AND
CLEANLINESE MAINTENENCE PROCEDURES HAVE BEEN IMPRGVED.

A PIECE OF A ERAZING FPREFORM LODGED IN A 2-WAY SCOLENOID VALVE ON OV-049%
AT PATMDALF CAUSTING A LERKAGE FAYLURE (REFERENCE CARs AL£2111, AB253E).
STEEL AND ALUMINUM PARTICLES CAUSED EXCESSIVE LEAKAGE ON THE 850 PETS
HELIUM RELIEF VAILVE (REF CAR ACZ2229). FOR BOTH FAILIURES CORRECTIVE
ACTION WAS TQ ADD SPECIAL PURGE PORTS TO THE MPS HELIUM FANET ASSEMELIES
TC IMFROVE THE QUALITY OF FIMAL CLOSEOUT BRAZES.



SHUTTLE CRITTCAL ITEMs LIdT - ORBITER

STRESYSTEM :MAIN PROPULSION FMEA NO Q3-~1 =-D605 -2 REV:Q6/30,/88

SEVERAL FOREIGN MATERIALS WERE INTRODUCELD INTO THE MPS SYSTEM DURING
MANUFACTURE AND DPARTS REPLACEMENT, EXAMPLES ARE: GLASS CLOTH IN LINE TO
PREVENT TRAVEL CF CHIPS DOWN LINE: POLYSTYRENE OBJECT T0 HOLD VALVE
POPPET OPEN WHILE PURGING; COTTCN SWAR MATERIAL AND GLASS BEADE FROM
CLEANING OFERATION: MISCELIANEQUS PLASTIC; FOAM: AND TAPE (REFERENCE CARS
ARBATSL1, AL22]17, ACET768, ACI863, MPSIAOQ0S5, AC7D12, ABDS20). MATERIALS
WERE REMOVED AND FPERSONNET. WERE CAUTIONED. A HIGH FLOW DELTA P TEET AT
BATMDAIR WAS ADDED TOQ VERIFY THAT LINES WERE WOT PLUSCED. GRIT BLASTING
({GLASS BEADS AND SAND USED TO CLEAN A& LINE) IS NO LONGER FERFORMED.
PROCEDURES ARE BEING REVISED TCQ IMPROVE CLERNLINESS MAINTENANCE DURING
COMPONENT BUILD UP AND REWQREK (REFERENTE MCR 12512). SUPFLIER
DOCUMENTS/ PROCEDURES EHAVE EEEN REVIEWED AND CLEANLINESS MAINTENENCE
PROCEDURES HAVE BEEN IMPROVED.

ONE FIECE OF WIRE WAS FCOOND IN THE INTERMAL RELIEF VALVE OF THE Lo2
PREVALVE ON OV103 (REFERENCE CAR AC%101). THE SOURCE OF THE
CONTAMINATION WAS NEVER FOUND, BUT IT WAS BELIEVED TO BE FROM THE ET.
OTHER CONTAMINATION HAS BEEN FOUND ON THE FEEDLINE SCREENS, SUCH AS AN
UNIDENTIFIED REQUND COBJECT AND VARIOUE METALLTC BPARTICLES (REFEREMCE CARS
ABOSZY AND ABOS3I0). SOURCE OF CONTAMINATION WAS UNDETERMINED. EBEORISCORE
EXAMTNATIONS ARF CONDUCTED ON ATY, FEEDLINE SCREENS EVERY FIFTH FLIGHT ™0
VERIFTY CLEANLINESS. CONTAMINATION WAS REMOVED WHEN FOSSIRLE.

(E} GPERATIONAL USE
NO CREW ACTION CAN BE TAKEN.




